Comparison of the predicted secondary structures of the coat proteins of the potexviruses potato X and papaya mosaic, on the basis of a combination of prediction methods, shows that although the proteins differ at their amino termini, and possibly at their carboxyl termini, they are similar in the distribution of e-helical segments in the central regions of the protein chains. There is an approximate twofold symmetry in the distribution of predicted e-helical segments between the amino and carboxyl halves of the molecules.
The potexviruses potato virus X (PVX) and papaya mosaic virus (PMV) have elongated, flexuous rod-shaped particles with modal lengths of 515 nm and 530 nm, respectively, and diameters of about 13 nm (Francki et al., 1985) . The capsid protein of both viruses consists of a helical arrangement of subunits, with a pitch of about 3.4 nm, protecting a single strand of RNA at a radius of about 3.3 nm (Francki et al., 1985) . Particles of PVX have 8.875 protein subunits per helix turn (ToUin et al., 1980) and those of PMV have 8-750 (Tollin et al., 1979) . The quaternary structures of the two viruses are thus very similar, and are also similar to those of other potexviruses (Richardson et al., 1981) .
The primary structure of PVX (Morozov et al., 1983) and PMV (Short et al., 1986) coat proteins have been determined. Short et al. (1986) have compared the two sequences and drawn attention to a number of homologous regions in the two proteins. The PVX polypeptide chain is 25 residues longer than that of PMV but the optimal alignment of the two sequences puts 23 of these extra residues in an extension to the amino terminus of the PVX protein. The proteins have 38~ identity when aligned by the program BESTFIT (Devereux et al., 1984) , which rises to 61 when chemically similar, rather than identical, residues are matched. The identity is most marked between residues 120 and 160 in PMV, with 28 of the 40 residues matching exactly and a further five residues changed conservatively. It is of interest, therefore, to see whether there are similarities in the predicted secondary structures of the two proteins. Whereas the ultimate test of the accuracy of such predictions must await more detailed X-ray diffraction analysis, the predictions themselves may help in this analysis.
Comparing the two sequences with those available in current data bases using the Wisconsin package (Devereux et al., 1984) produced no significant homologies to other proteins and attempts to align the sequence of tobacco mosaic virus (TMV) coat protein with that of either PMV or PVX did not produce a satisfactory alignment, even when gaps were allowed. The more thorough search algorithm of Lyall et al. (1986) also failed to produce any significant matches with other proteins.
The procedure we have used to perform the predictions is as follows. The combination of methods suggested by Eliopoulos et al. (1982) has been extended by him to include the procedures of McLachlan (1978) and Kabat & Wu (1973) and it is this combined prediction which we present. The rules we have used to assign secondary structure are: (i) a residue is F,,_ii_,i-,,7__r , dJ,,,LJ,
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Ill I fill IIIII IIIIIII|IIIIIll IIIIIllllll (e) : p 6 considered to adopt a helical or a sheet conformation if at least five of the eight methods predict it to be so, whereas for a turn only four of the prediction methods are considered indicative because there is no turn prediction in the method of Lim (1974) ; (ii) both sheet and helix require at least four consecutive residues before being considered significant. Although combined predictions have been shown to be no more reliable than any individual method (Nishikawa, 1983) , regions strongly predicted by several methods to have particular conformations do seem to be more likely to be correct (Nishikawa & Ooi, 1986) . We believed that the combined predictions would give meaningful results for PVX and PMV because a test on TMV protein correctly predicted the four major helical segments as revealed in the X-ray diffraction studies on TMV (Stubbs et al., 1977) and TMV protein (Bloomer et al., 1978) . Three of the four a-helical segments were clearly predicted by at least five methods and the fourth by at least four. The results for PVX and PMV are shown (Fig. 1, 2) .
The predicted values for s-helix, /7-sheet and reverse turn content are 33~, 6~ and 10~ respectively for PVX protein and the corresponding values for PMV protein are 27~o, 10~o and 13 ~. Circular dichroism measurements on PVX protein give the s-helix content as about 44 and the/7-sheet content as about 5~ (Homer & Goodman, 1975) , so both experimental and predicted values indicate that the a-helix is the dominant structural feature, as it is in TMV protein. We are not aware of any reported experimental measurements on the a-helix and/7-sheet content of PMV protein.
There is no similarity between the predicted secondary structures at the amino termini of PVX and PMV proteins, which is pehaps not surprising since there is no homology between these termini (Short et al., 1986) . The secondary structure of the carboxyl termini may also be different for the two proteins; it is predicted to be fl-t-fl for PMV but ~?-fl for PVX. However, if the homologous regions of the two proteins are matched, as suggested by Short et al. (1986) , then a number of the predicted a-helical segments also match ( Fig. 2 and 3 ).
Since the a-helix appears to be the dominant structural feature in the two proteins, and the method correctly predicts the a-helical regions in TMV protein, which has a similar a-helix content, it is reasonable to accept the results on the distribution of a-helical segments as being significant. It is then tempting to speculate that the similarity between the distributions of ahelices in the two proteins implies a similarity between tertiary structures. Nevertheless, the limitations of predictive methods, typically no better than 60~o correct (Kabsch & Sander, 1983; Nishikawa, 1983) makes it difficult to draw firm conclusions on the basis of a comparison between only two proteins. It should be possible to draw more definite conclusions when information about the primary structures of coat proteins of other potexviruses becomes available (Nishikawa & Ooi, 1986) . What the comparison between PVX and PMV proteins suggests is that there will be differences between the amino and carboxyl termini, but that there will be a similar distribution of a-helical segments in the middles of the protein chains. This is what might be expected if the amino and carboxyl termini lie at a large radius, towards the outside of the virus particle, as they do in TMV particles (Stubbs et al., 1977; Bloomer et al., 1978) .
If the termini lie at the outside of the virus particles they will be accessible to the surrounding environment and hence could be susceptible to enzymic degradation. Evidence that this is the case is provided by the experimental observation that protease degradation of both the amino and carboxyl termini of the PVX subunit can take place in situ (Tung & Knight, 1972; Koenig et al., 1978) . Differences between the secondary (and tertiary) structures might then be expected to be most marked at the large radius, but the fold of the central portion of the protein, at a smaller radius, would determine the pitch of the primary helix and the number of subunits per helix turn, which are similar for the different members of the group (Richardson et al., 1981 ; Francki et al., 1985) . If there are similarities in the tertiary structure of the different proteins, this is where they would be expected to occur.
The distribution of the predicted el-helical segments within the PVX and PMV proteins exhibit an approximate twofold symmetry between the amino and carboxyl halves of the molecules (Fig. 3) . This suggests that the tertiary structure could be such that the el-helices align themselves in pairs. This occurs in TMV protein, where the folding of the amino and carboxyl halves of the polypeptide chain are quite similar and where there is also an approximate twofold symmetry between them (Bloomer et al., 1978; McLachlan et al., 1980) .
Since the basic groups are expected to interact with the phosphates in the RNA and five nucleotides appear to be associated with each protein subunit (Tollin et al., 1979 (Tollin et al., , 1980 , it may be significant that there are only five identical pairs of basic residues in the matched sequences (46, 100, 129, 133 and 157 in PMV match 69, 123, 153, 157 and 181 in PVX) . If these are the five residues involved in RNA-phosphate interactions then the tertiary structures must be such that these amino acids will be at radial positions of approximately 3.3 nm (Tollin et al., 1979 (Tollin et al., , 1980 . It will be of interest to see whether this homology is observed in other potexviruses.
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